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Abstract Study Design Retrospective study.
Objective Studies on age-related degenerative changes causing concurrent stenoses
in the cervical, thoracic, and lumbar spines (triple stenosis) are rare in the literature. Our
objectives were to determine: (1) the incidence of asymptomatic radiologic cervical and
thoracic stenosis in elderly patients with symptomatic lumbar stenosis, (2) the incidence
of concurrent radiologic spinal stenosis in the cervical and thoracic spines, and (3) the
radiologic features of cervical stenosis that might predict concurrent thoracic stenosis.
Methods Whole-spine T2 sagittal magnetic resonance images of patients older than
80 and diagnosed with lumbar spinal stenosis between January 2003 and January 2012
were evaluated retrospectively. We included patients with asymptomatic spondylotic
cervical and thoracic stenosis. We measured the anteroposterior diameters of the
vertebral body, bony spinal canal, and spinal cord, along with the Pavlov ratio and
anterior or posterior epidural stenosis at the level of the disk for each cervical and
thoracic level. We compared the radiologic parameters between the subgroups of
cervical stenosis with and without thoracic stenosis.
Results Among the 460 patients with lumbar stenosis, 110 (23.9%) had concurrent
radiologic cervical stenosis and 112 (24.3%) had concurrent radiologic thoracic stenosis.
Fifty-six patients (12.1%) had combined radiologic cervical and thoracic stenosis in
addition to their symptomatic lumbar stenosis (triple stenosis). Anterior epidural
stenosis at C7–T1 was associated with a high prevalence of thoracic stenosis.
Conclusions It appears that asymptomatic radiologic cervical and thoracic stenosis is
common in elderly patients with symptomatic lumbar stenosis.
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Introduction
Cervical stenosis can occur concurrently with thoracic steno-
sis. However, the predictable radiologic features in the cervi-
cal stenosis related to thoracic stenosis have not been
described in the literature. The radiologic features in con-
comitant symptomatic cervical and thoracic stenosis clearly
are more important than those of asymptomatic stenosis.
However, by its very nature, symptomatic cervical and tho-
racic stenosiswill present with symptoms. On the other hand,
with asymptomatic stenosis, there is no clinical reason to
obtain radiographic studies. One can have severe radiograph-
ic stenosis without any symptoms.1,2 In most cases, such
“silent” stenosis does not result in any clinical sequelae.
However, there have been cases of paralysis from a spinal
origin after anesthesia or sleeping in patients with asymp-
tomatic spinal stenosis.3,4 We therefore undertook this study
to determine this “silent” stenosis.
The purpose of this study is to investigate the incidence of
asymptomatic radiologic cervical and thoracic stenosis in
elderly patients with symptomatic lumbar stenosis, to inves-
tigate the incidence of concurrent radiologic spinal stenosis in
the cervical and thoracic spines, and to identify the radiologic
features of cervical stenosis that might predict concurrent
thoracic stenosis.
Methods
Institutional board approval was obtained before initiating
this study, and an approved informed consent form was
signed by all patients who were enrolled (approval num-
ber:2013-I034). This is a retrospective magnetic resonance
imaging (MRI) study. The study population consisted of
patients older than 80 who visited the ﬁrst author’s teaching
hospitalwith the diagnosis of lumbar spinal stenosis andwho
had lumbar spine MRI with T2 sagittal view of the whole
spine from January 2003 to January 2012. We chose to study
older patients for several reasons. First, asymptomatic steno-
sis is rarely clinically relevant in the young and middle-aged
population. However, spinal cord injury due to falls is much
more prevalent in the elderly. Therefore, it is possible that
asymptomatic stenosis might have greater implications for a
traumatic injury in the elderly. Second, in the elderly, the
spines are more spondylotic and less mobile. An elderly
patient who is placed prone for a lumbar operation may be
at greater risk for injury to the thoracic and cervical cord due
to a silent stenosis. We discussed their symptoms at length
with the patients and their family to exclude the patientswith
myelopathy, and we performed a detailed examination of the
upper and lower extremities of every patient including reﬂex,
motor power, sensory dysfunction, walking difﬁculty, tan-
dem gait, Romberg test, loss of hand dexterity, grip and
release test, ﬁnger escape sign, Hoffmann reﬂex, and dysdia-
dochokinesia. No one had electromyography and nerve con-
duction studies because none had symptoms of cervical
myelopathy or radiculopathy. We excluded patients showing
deﬁnite hyper-reﬂexia, pathologic reﬂex with upper or lower
extremities, symptoms from cervical or thoracic myelopathy,
fractures, spondylolisthesis, tumor, ossiﬁcation of posterior
longitudinal ligament, and ossiﬁcation of yellow ligament.
According to Kang’s grading classiﬁcation, grade 0 is normal.5
Grade 1 denotes obliteration of more than 50% of the sub-
arachnoid space without any sign of cord deformity.5 Grade 2
denotes canal stenosiswith any sign of cord deformity.5Grade
3 denotes increased signal intensity of cord near compressed
level with any sign of cord deformity.5 There were no grade 2
nor 3 stenoses in the current study population. Therefore, the
stenosis was deﬁned as the obliteration of more than 50% of
the subarachnoid space of the anterior or posterior epidural
spaces without any sign of a cord deformity (►Fig. 1).5 The
stenosis was assessed by independent orthopedic residents
who were blinded to the current study.
Whole-spine T2 sagittal MRIs were performed in all
patients using a 1.5-T superconductive imager (Intera, Ko-
ninklijke Philips Electronics N.V., Amsterdam, The
Netherlands) under the following settings: sagittal T2-
weighted fast spine-echo imaging (repetition time/echo
time: 2,346/100; echo train length 16; slice thickness
4 mm; ﬁeld of view 320 mm, matrix size 548  272, number
of excitations 4). The anteroposterior diameter of vertebral
body, anteroposterior diameter of bony spinal canal, Pavlov
ratio, anteroposterior diameter of spinal cord, and anterior or
posterior epidural stenosis at the disk level for the cervical
and thoracic spines were measured on PACS (Picture
Fig. 1 Canal stenosis in the sagittal scans of spines. There is no stenosis (A). Stenosis was deﬁned as obliteration of more than 50% of the
subarachnoid space without any sign of cord deformity (B).
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Archiving and Communication System;Π view, Inﬁnitt, Seoul,
Korea) at the midline, not at the foraminal area and lateral
recess. The anteroposterior diameter of the vertebral body,
anteroposterior diameter of the bony spinal canal, Pavlov
ratio, and anteroposterior diameter of the spinal cord were
measured at the vertebral body midportion level. At the C2
level, they were measured at 3 mm above the lower C2 end
plate. The Pavlov ratio was deﬁned as the ratio between the
sagittal canal diameter and the vertebral body diameter of the
same level,6,7 and it was used to eliminate the difference in
magniﬁcation. We compared the radiologic parameters be-
tween the subgroups of cervical stenosis with (stenotic
thoracic group) and without thoracic stenosis (nonstenotic
thoracic group) to elucidate the radiologic features of cervical
stenosis that might predict concurrent thoracic stenosis. In
the preliminary study, theMRIs of 30 patients (1,020 epidural
spaces) were reread 2 weeks apart to determine the intra-
observer reliability for epidural stenosis. In addition, the
assessors were not aware of the source population of the
MRIs. They also were not informed about the purpose of the
study. They evaluated theMRIs in a randomized sequence and
without discussion of the ﬁndings to minimize possible bias.
Statistical Methods
All the statistical analyses were performed with SPSS version
13.0 for Windows (Chicago, Illinois, United States). A p less
than 0.05 was considered signiﬁcant. The independent t test,
chi-square test, or Fisher exact test was used to analyze the
differences of measuring factors on each group according to
categorized or noncategorized variables. Binary logistic re-
gression was used to estimate the odds ratios and 95%
conﬁdence intervals for radiographic parameters with tho-
racic stenosis using backward stepwise regression. A p value
less than 0.001467 (0.05/12) was considered signiﬁcant by
Bonferroni correction because 12 radiographic parameters
will be checked by binary logistic regression. Intraobserver
and interobserver variabilities were assessed using kappa
analysis. A p value less than 0.05 was considered signiﬁcant.
Landis and Koch characterized kappa values < 0 as indicating
no agreement and 0 to 0.20 as slight, 0.21 to 0.40 as fair, 0.41
to 0.60 as moderate, 0.61 to 0.80 as substantial, and 0.81 to 1
as almost perfect agreement.8
Results
There were 476 patients with lumbar stenosis who had total
spine MRIs. Of these, 16 patients did not meet the study criteria
and were excluded, leaving 460 (►Fig. 2). The study population
was composed of 359 women and 101 men, age 80 to 98 years
(mean 83.3  3.1 years) at the time of the radiologic evaluation.
Of the 460 patients, 110 (23.9%) had cervical stenosis and 350
(76.1%) did not (►Fig. 2). Thoracic stenosis was found in 112
patients (24.3%, ►Fig. 2). Concurrent lumbar and cervical
stenosis without thoracic stenosis was found in 54 of 460
patients (11.7%, nonstenotic thoracic group, ►Fig. 2). Concur-
rent lumbar and thoracic stenosis without cervical stenosis was
found in 56 of 460 patients (12.2%,►Fig. 2). Concurrent lumbar,
cervical, and thoracic stenosis was found in 56 of 460 patients
(12.2%, stenotic thoracic group, ►Fig. 2). The averages of the
anteroposterior diameter of the vertebral body, bony spinal
canal, spinal cord, and Pavlov ratio in the cervical stenosis group
were 19.58  4.66 mm, 13.04  0.62 mm, 4.64  0.58 mm,
0.71  0.16, respectively.
There were no statistically signiﬁcant differences in the
anteroposterior diameters of the vertebral body, bony spinal
canal, and Pavlov ratios of the thoracic spine between the
Fig. 2 Flow diagrams for the current study. Abbreviation: MRI, magnetic resonance imaging.
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stenotic thoracic group and the nonstenotic thoracic group
(p > 0.05), but the anteroposterior diameters of the bony
spinal canal at T6 and T8 levels were smaller in the stenotic
thoracic group (p < 0.05). There were no statistically signiﬁ-
cant differences in the anteroposterior diameter of the spinal
cord of the thoracic spine. Anterior epidural stenosis of the
subjects in the stenotic thoracic group was found at the T5–
T6, T6–T7, T7–T8, T8–T9, T9–T10, and T10–T11 disk levels
(►Table 1). Posterior epidural stenosis of the subjects in the
stenotic thoracic group was found at the T7–T8, T8–T9, and
T9–T10 disk levels (►Table 1).
Between stenotic and nonstenotic thoracic groups, there
were no statistically signiﬁcant differences in the anteropos-
terior diameter of the vertebral body, spinal canal, or Pavlov
ratio and anteroposterior diameter of the spinal cord of the
cervical spine (p > 0.05). The patients with anterior epidural
stenosis at C7–T1 or posterior epidural stenosis at C2–C3 had
a high prevalence of thoracic stenosis (►Table 2). Concurrent
thoracic stenosis was common with C7–T1 anterior epidural
stenosis by binary logistic regression (►Table 3,
p ¼ 0.000428). The odds ratio of concurrent thoracic stenosis
with C7–T1 anterior epidural stenosis was 4.493.
The intraobserver reliability for cervical epidural stenosis
and thoracic epidural stenosis and the interobserver reliabil-
ity for cervical epidural stenosis and thoracic epidural steno-
sis were good at 0.714, 0.676, 0.534, and 0.459, respectively,
using kappa analysis.
Discussion
Numerous studies have reported on concurrent stenosis of
the cervical and lumbar spine.9–16 When operating on one of
these areas, one should therefore consider evaluating the
other. However, studies based on concurrent cervical and
thoracic spinal stenosis, as well as triple stenosis (cervical,
thoracic and lumbar), are rare.17–19 The purpose of this study
is to determine the incidence of asymptomatic radiologic
cervical and thoracic stenosis in patients with symptomatic
lumbar stenosis.
In the current study, among the 460 patients with symp-
tomatic lumbar stenosis, 110 (23.9%) had concurrent radio-
logic cervical stenosis and 112 (24.3%) had concurrent
radiologic thoracic stenosis. Fifty-six patients (12.1%) had
combined radiologic cervical and thoracic stenosis in addi-
tion to their symptomatic lumbar stenosis (triple stenosis).
Fifty-six patients (50.9%)with asymptomatic cervical stenosis
exhibited asymptomatic tandem thoracic spinal stenosis.
Anterior epidural stenosis at the C7–T1 level of the cervical
spine was a common ﬁnding in the group with thoracic
stenosis.
Arana et al studied the relation between the degenerative
disks of the upper thoracic and cervical spine in 156 patients
with cervical pain and found that degenerative changes in the
thoracic disks were observed in 13.4% of the patients with
cervical pain.17 Matsumoto et al evaluated the concurrent
degeneration in the cervical and thoracic spines on the MRIs
of 94 asymptomatic volunteers.18 Eighty-ﬁve (90.4%) patients
had degenerative changes in the cervical spine and 44 (46.8%)
had changes in the thoracic spine.18However, neither of these
studies evaluated the radiologic features in the cervical spine
that might predict thoracic stenosis.
Okada et al demonstrated that an asymptomatic decreased
signal intensity and a posterior disk protrusion in the cervical
spine were associated with the presence of a symptomatic
lumbar disk herniation.14 They found that 98.0% of 51 pa-
tients with lumbar disk herniation had degenerative changes
in their cervical disks.14 Similarly, in this study C7–T1 anterior
epidural stenosis at the disk level was a predictive factor of
thoracic stenosis.
In a cadaveric study of 440 skeletally mature skeletons, the
midsagittal canal diameter was measured with the deﬁnition
of stenosis as a midsagittal diameter of less than 12 mm.10
Table 1 Anterior or posterior epidural thoracic stenosis between stenotic thoracic group and nonstenotic thoracic group
Level Anterior epidural stenosisa Posterior epidural stenosisa
T1–T2 21 (37.5%)/12 (22.2%) 8 (14.3%)/4 (7.4%)
T2–T3 16 (28.6%)/10 (18.5%) 4 (7.1%)/3 (5.6%)
T3–T4 11 (19.6%)/8 (14.8%) 5 (8.9%)/3 (5.6%)
T4–T5 12 (21.4%)/7 (13.0%) 5 (8.9%)/0 (0.0%)
T5–T6 21 (37.5%)/6 (11.1%)b 5 (8.9%)/0 (0.0%)
T6–T7 25 (44.6%)/10 (18.5%)b 8 (14.3%)/2 (3.7%)
T7–T8 25 (44.6%)/7 (13.0%)b 9 (16.1%)/1 (1.9%)b
T8–T9 23 (41.1%)/9 (16.7%)b 11 (19.6%)/2 (3.7%)b
T9–T10 23 (41.1%)/12 (22.2%)b 17 (30.4%)/4 (7.4%)b
T10–T11 27 (48.2%)/11 (20.4%)b 8 (14.3%)/5 (9.3%)
T11–T12 20 (35.7%)/12 (22.2%) 8 (14.3%)/4 (7.4%)
aExpressed as the number of patients in stenotic thoracic group (percentage)/number of patients in nonstenotic thoracic group (percentage).
bStatistically signiﬁcant.
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Bony cervical stenosis had a positive predictive value of 16.7%
for bony lumbar stenosis.10 A decreased Pavlov ratio of the
lumbar spine has been shown to be a predictive factor of
cervical spondylotic myelopathy in the patients with lumbar
spinal stenosis.13 In the current study, the anteroposterior
diameter of the bony spinal canal and the Pavlov ratio of the
cervical spine were not predictive factors for thoracic steno-
sis. It might be explained that the anteroposterior diameter of
the spinal canal and Pavlov ratio of the thoracic spine were
not different but the epidural stenosis of the thoracic spine
was different between the stenotic and nonstenotic thoracic
groups in the current study.
Kim et al found that of 101 elderly patients older than 65
who had undergone surgery for lumbar spinal stenosis, 26
(25.7%) had triple stenosis (cervical, thoracic, and lumbar
stenosis).19 The authors included patients with degenerative
stenosis and stenosis from the ossiﬁcation of posterior longi-
tudinal stenosis or ossiﬁcation of the yellow ligament.19 They
found that the symptom duration of lumbar stenosis was
positively correlated for the presence of the asymptomatic
cervical and thoracic stenosis.19 However, they did not eluci-
date the radiologic degenerative parameter in the cervical
spine that can predict thoracic stenosis.
Therehave been cases of paralysis from a spinal origin after
anesthesia or sleep in patients with asymptomatic spinal
stenosis.3,4 Two patients following non–cervical spine sur-
gery had postoperative transient tetraplegia despite optimal
anesthetic management.3 Postoperative MRI of the cervical
spine showed a cervical disk herniation and protrusion of the
hypertrophic ligamentum ﬂavum causing spinal cord com-
pression.3 Their muscle weakness gradually improved with-
out surgery and completely recovered by the following
morning.3 The authors recommended that the neck be posi-
tioned carefully and intubation be performed without hyper-
extension of the neck for patients with spondylosis.3 A
56-year-old man developed an acute, nontraumatic onset of
tetraplegia during a 1-hour nap.4 MRI of the cervical spine
revealed canal stenosis and an increased T2 signal within
the cord.4 After rehabilitation for 6 months, he recovered
trace strength bilaterally in the extensor hallucis and required
continued respiratory rehabilitation.4
As with any study, the present investigation may have
some potential problems. First, it is possible that some
patients who were labeled as asymptomatic may not have
truly been asymptomatic. Myelopathy is a clinical diagnosis
and not all such patients have the telltale pathologic reﬂexes.
A mild loss of manual dexterity is not uncommon in the
elderly. Furthermore, a gait disturbance may be attributed to
lumbar stenosis. Therefore, it is possible that some of our
patients had myelopathy that was missed. Second, we made
the diagnosis of concurrent stenosis using only a T2-weighted
sagittal image at the midline. This is likely to have missed
some stenosis that is only evident on axial images. Therefore,
the true incidence may be higher than what we report. Third,
there might be a correlation between the severity of their
symptoms in the lumbar spine and stenosis in the thoracic
spine.Most patients in the study population had relief of their
symptoms with medications and did not undergo lumbar
surgery because of their age. Therefore, it is difﬁcult to
analyze lumbar surgery as a risk factor for thoracic stenosis
due to the small number of the patients who underwent
lumbar surgery. Fourth, only patients over 80 years old were
enrolled. The current study’s deﬁnition of stenosis as having a
single spinal level (either cervical or thoracic) with loss of
>50% anterior or posterior subarachnoid space may lead to
signiﬁcant overestimation of the incidence of concomitant
Table 3 Radiographic parameters associated with thoracic stenosis
Risk factor p Value Exp(B) OR (95% CI)
Anterior epidural stenosis
C7–T1 0.000428 4.493 1.947, 10.367
Posterior epidural stenosis
C2–C3 0.053458 3.045 0.984, 9.430
Abbreviations: CI, conﬁdence interval; OR, odds ratio.
Table 2 Anterior or posterior epidural cervical stenosis between stenotic thoracic group and nonstenotic thoracic group
Level Anterior epidural stenosisa Posterior epidural stenosisa
C2–C3 19 (33.9%)/18 (33.3%) 39 (69.6%)/27 (50.0%)b
C3–C4 48 (85.7%)/42 (77.8%) 50 (89.3%)/42 (77.8%)
C4–C5 53 (94.6%)/49 (90.7%) 50 (89.3%)/46 (85.2%)
C5–C6 56 (100%)/51 (94.4%) 52 (92.9%)/49 (90.7%)
C6–C7 51 (91.1%)/50 (92.6%) 46 (82.1%)/43 (79.6%)
C7–T1 42 (75.0%)/23 (42.6%)b 21 (37.5%)/15 (27.8%)
aExpressed as the number of patients in stenotic thoracic group (percentage)/number of patients in non-stenotic thoracic group (percentage).
bStatistically signiﬁcant.
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stenosis, especially in a population that is over 80 years old.
This was based upon a previously published deﬁnition of
grade 1 stenosis used by Kang et al.5 Therefore, further study
of various age groups is necessary to determine the true
incidence of triple stenosis in all patients. Fourth, the current
study did not show how many patients with symptomatic
cervical stenosis also have thoracic stenosis. Nevertheless, it is
the ﬁrst study to identify the incidence of concomitant
asymptomatic cervical and thoracic stenosis in patients
with symptomatic lumbar stenosis and to elucidate the
predictable radiologic factors for concurrent cervical and
thoracic stenosis in such patients.
In conclusion, patients with symptomatic lumbar stenosis
often have asymptomatic radiologic cervical and thoracic spinal
stenosis. Although the majority of these cases probably remain
asymptomatic, some may become symptomatic over time.
Furthermore,withprolonged surgical positioningduring lumbar
decompression, they may become symptomatic. Finally, when
choosing surgical levels for lumbar arthrodesis, it may bewise to
evaluate the entire thoracic spine to ensure that the arthrodesis
does not stop close to a stenotic thoracic level. This can be done
with only a T2 scout sagittal viewof thewhole spine, saving cost
and time. In addition, in thepatientwithC7–T1anterior epidural
stenosis at thedisk level, itmaybe reasonable to obtain anMRIof
the thoracic spine to rule out thoracic stenosis.
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